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ABSTRACT 
Tadpoles of the American toad (Bufo americanus) have 
been shown to be distasteful to largemouth bass (Micropterus 
salmoides) predators who learn, on the short term, to avoid 
them. How long bass retain this learned avoidance of Buf o 
larvae is unknown so an experimental design was constructed 
in an attempt to answer this question. 
Largemouth bass were divided into four treatment 
groups. Two groups were initially fed exclusively larvae 
of Bufo americanus (one group was fed large tadpoles, the 
other group fed small larvae) . Similarily, the other two 
groups were initially fed spring peeper (Hyla crucifer) 
tadpoles (one group was fed large tadpoles, the other group 
fed small larvae). A multi-criteria rejection index based 
on tadpole survival, number of rejections and the time to 
engulf for bass fed tadpoles was constructed. 
In the first feeding phase, all four treatment groups 
were starved for 48 hours before offering single tadpoles 
of the appropriate species and size at 10-12 minute 
intervals. In general, when bass were hungry, they con­
sumed all tadpoles irrespective of size or species. 
In feeding phase 2, one hour before tadpole treatments, 
fish were fed until satiated on small crayfish. Under 
this feeding regimen, bass avoided feeding on Buf o ameri­
canus tadpoles but readily consumed Hyla crucifer larvae. 
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After a 30 day non-tadpole feeing period, bass in the 
four treatment groups were fed exclusively on tadpoles of 
Woodhousei toad (Bufo woodhousei), which have also been 
shown to be unpalatable to bass. Bass that had previously 
been fed Buf o americanus tadpoles and learned to avoid them 
(on the short term) , retained this learned avoidance 
condition. Bass that had previously been fed Hyla 
crucifer larvae apparently retain a preference for palatable 
tadpoles because they almost exclusively avoided feeding 
on Bufo woodhousei tadpoles. These results suggest that 
bass are capable of discriminating brown palatable Hyla 
larvae from black unpalata.ble Buf o tadpoles and retain this 
learned association over an extended period of time. 
Experimental results indicate that large Bufo tadpoles 
(Gasner developmental stages 38-40) were consumed more 
often than small Bufo tadpoles (stages 28-30) which were 
almost totally avoided as food items. 
Bass were often observed engulfing a Bufo tadpole, 
mouthing it for a short period of time, and ultimately 
rejecting (spitting) it as a food item. This spitting 
behavior was never observed with Hyla larvae. I observed 
684 such rejections for 213 Bufo larvae and 201 (94%) 
survived uninjured. The significance of these observations 
to the evolution of aposematism in Bufo larvae is discussed. 
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INTRODUCTION 
Anurans in temperate regions lay eggs in aquatic 
environments and have a free-swimming larval stage. In 
these environments, the eggs, embryo, and tadpole stages 
are faced with a wide· variety of invertebrate and verte­
brate predators. Since tadpoles are generally poor 
swinuners they have had to evolve other means of escape in 
order to coexist with these aquatic and terrestrial 
predators. Adaptations for survival include inactivity, 
cryptic coloration, secretive behavior and the evolution 
of noxiousness (Wassersug, 1971). 
The effectiveness of noxiousness or unpalatability 
as an antipredator adaptation is thought to depend on the 
ability of a predator to "taste" (Wassersug, 1973) . 
Tadpole unpalatability has been shown to be an effective 
antipredator deterent in bullfrogs, Rana catesbeiana 
(Kruse and Francis, 1977); Japanese frogs, Rana chalconota 
(Liem, 1961); American toads, Bufo americanus (Voris and 
Bacon, 1966; Kruse and Stone, In Press) and Woodhousei's 
toad, Bufo woodhousei (Kruse and Stone, In Press). Many 
predators develop an aversion to the taste of a food if it 
makes them ill; this process is known as taste-aversion 
conditioning (Nicholaus, et al, 1983). Conditioned taste 
aversion has been found to occur in a diversity of 
vertebrates including fish (Markay, 1974). 
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The noxious qualities of toads (Bufo spp. ) are well 
known and recently, Flier, et al. (1980) demonstrated that 
the skin of both adult and larval toads contain bufo-
dienolides (an animal equivalent of plant cardenolides) . 
It seems reasonable to assume that this chemical is 
responsible for their unpalatable nature and thus serves 
in defense against engulfing predators. 
Tadpoles of the American toad (Bufo americanus) have 
been shown to be distasteful to fish predators (Voris and 
Bacon, 1966; Kruse and Stone, In Press). Green sunfish 
(Lepomis rnacrochirus) have been noted to undergo "body 
shakes" following engulfment of a Buf o americanus tadpole 
which suggests some type of internal malaise (Voris and 
Bacon, 1966). Similarly, Kruse and Stone (In Press) have 
demonstrated that Bufo arnericanus and Bufo woodhousei 
tadpoles are distasteful to largemouth bass (Micropterus 
salmoides) predators: but, Hyla crucifer tadpoles are 
readily consumed by these fish predators. They showed 
that when bass are offered toad tadpoles as food, the 
number they engulf and the number they actually eat, 
decrease with subsequent trials. These results provide 
evidence that bass learn, on the short term basis (1-2 
days) , that Bufo tadpoles are unpalatable prey. 
Bufo tadpoles can reach extremely high densities and 
form large aggregates in lakes, ponds and ephemeral 
aquatic habitats and because they are dark black in color, 
they would appear to be very conspicuous to visually 
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oriented predators (Wassersug, 1973). Waldman and Adler 
(1979) and Waldman (1982) have quite convincingly demon­
strated that siblings of Buf o americanus preferentially 
school together. They suggest that Bufo tadpoles are 
aposematic in that they are distinctly black, form large 
schools and because they are distasteful, the evolutionary 
significance of sibship schools can be explained by a 
kin-selection model (Hamilton, 1963). This model suggests 
that when a predator enters a Buf o school and preys on the 
tadpoles, it learns that they are distasteful after 
sampling a few of the members. Although some individuals 
are eaten, in the process of dying they deter predation 
of their kin. This intriguing explanation assumes that 
the predator can taste and can associate this taste with 
the prey item. 
However, individual selection could operate to form 
gregarious tadpole schools. There is experimental evidence 
that during avoidance learning, predators that have 
sampled distasteful prey have released them unharmed 
(Boyden, 1976; Jarvi, et a1., 1981; Wiklund and Jarvi, 
1982). Therefore, if distasteful prey can survive predator 
attacks, the evolution of aposematic coloration may occur 
through individual selection (Wiklund and Jarvi, 1982; 
Sillen-TUllberg and Bryant, 1983). As noted previously, 
Buf o americanus and Bufo woodhousei tadpoles are apose­
matic in that they are conspiciously black and distasteful 
to fish predators. These tadpoles have been observed to 
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be released unharmed by largemouth bass after being 
engulfed (Kruse and Stone, In Press) , and if resistant 
enough to predator handling, could evolve aposematic 
coloration through an individual selection model rather 
than a kin-selection model. 
In the research reported here, largemouth bass 
(Micropterus salmoides) were offered palatable (Hyla) 
and unpalatable (Bufo) tadpoles. The primary objectives 
of this study were to determine what effect (1) fish 
hunger level, (2) tadpole species and (3) tadpole size 
had on bass feeding behaviors. The experimental design 
also provided testing to determine if fish learn to avoid 
toad tadpoles on the short term and long term (30 days) 
basis and addressed the question of an individual selection 
versus kin-selection model in the evolution of aposematic 
coloration in Bufo larvae. 
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MATERIALS AND METHODS 
General 
Bass (total length X = 19.6 cm, range = 18.5-23.5; 
weight X = 102.9 g, range = 75. 0-175.5) were obtained by 
hook and line from three localities in Coles County, IL, 
and individually placed in 40 liter aquaria. Each aquarium 
contained stream gravel that was aerated and filtered 
continuously with undergravel filters. The sides of the 
aquaria were shielded with cardboard so that bass could not 
observe fish in adjacent tanks. Since acclimation tempera­
ture significantly modifies the learning behavior of fish 
(Borsook, et al., 1977), all bass were acclimated to the 
tank at room temperatures (25°c) and fed a diet of crayfish 
and minnows for at least three weeks prior to experimen­
tation. These bass were caught early in the spring (April, 
1983) before tadpoles were present in the ponds but feeding 
experiences from the previous year with Bufo tadpoles were 
unknown. Therefore, twenty bass were randomly assigned to 
four tadpole treatments with five bass per treatment 
(Fig 1). 
Tadpoles of the American toad, Bufo americanus, 
Woodhousei's toad, Bufo woodhousei, and Spring peeper, 
Hyla c rl£ifer, were seined from ponds in Coles County, IL, 
separated by species, and maintained in wading pools along 
with detritus gathered at the site of collection. Bufo 
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americanus and H. crucifer tadpoles were maintained for no 
longer than five days before experimentation. Bufo 
woodhousei tadpoles were maintained on detritus and spinach 
for 24 days in the laboratory because of their rarity of 
occurrence in the field. 
All bass feeding trials involved offering one tadpole, 
dropped into the middle of the aquarium from a mesh spoon. 
Prey items not eaten after two minutes (as monitored by a 
stop watch) were removed and discarded; i.e. , no tadpoles 
were used more than once. Each bass received a series of 
ten trials per day in a feeding phase . A daily sequence 
was terminated if a bass totally rejected, did not engulf, 
a tadpole in four successive trials. All experiments were 
conducted under f lourescent lights at room temperatures 
(25-29°c) between the hours of 10:00-16:00. 
Phase 1 
All bass were subjected to three forage feeding 
phases in conjuction with experimental tadpole treatments. 
In phase one, bass were starved for 48 hours prior to the 
first day of the experimental period (Fig 1) . Tadpole 
treatment for this period cor.sisted of ten bass which 
received Hyla crucifer tadpoles [ 5 bass received small 
tadpoles (Gesner, 1960) (stages 27-30) and 5 bass received 
large tadpoles, (stages 37-40)] and ten bass which received 
Bufo americanus tadpoles [5 bass received small tadpoles, 
(stages 27-30) and 5 bass received large tadpoles, (stages 
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37-40) ] (Fig 1). All bass were fed one minnow (20 mm; 
approximately -1 gram) one hour after tadpole treatment 
during each day in this phase for 6-11 days. 
Phase 2 
Immediately after phase one was completed, phase two 
was initiated. In phase two, bass were fed crayfish until 
they were rejected and the surviving forage was then 
removed from the tank. The experimental period then 
followed one hour later. Tadpole treatment for this feeding 
phase was the same as that outlined in phase one and was 
conducted for 3-5 days (Fig 1). 
Between feeding phases 2 and 3, fish were maintained 
on a diet of minnows and crayfish. 
Phase 3 
Although bass forage preference for Hyla over Bufo 
tadpoles has been demonstrated by Kruse and Stone (In 
Press) , retention of this preference (memory) has not been 
studied. Therefore, thirty days after feeding phase two, 
all bass received Bufo woodhousei tadpoles and since tad­
pole size offered to each individual bass remained constant, 
retention of bass preference to tadpole species was studied. 
Like the second feeding phase, this third phase consisted 
of bass being fed crayfish until they were rejected, one 
hour prior to experimentation. Tadpole treatment for this 
third period consisted of bass receiving only Bufo 
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woodhousei tadpoles for 5 days (Fig 1). Bufo americanus 
tadpoles had metamorphosed in the field and were thus 
unavailable. Consequently, B. woodhousei tadpoles, which 
have been shown to be approximately as unpalatable as Buf o 
americanus (Kruse and Stone, In Press), were used. 
A ranking system was constructed before any of these 
experiments were initiated and was based upon behavioral 
observations of bass fed Buf o and Hyla tadpoles in a similar 
study (Kruse and Stone, In Press) . Feeding behaviors were 
observed and all bass were assigned a "rejection" score 
for each tadpole that was offered. Components for the 
rejection score included time to initial tadpole engulfment, 
the ultimate fate of the tadpole, and the number of spits 
by a bass for each tadpole that was encountered (Table 1) . 
Other bass behaviors that were independent of rejection 
scores consisted of gapes and total tadpole engulf time as 
monitored with a stop watch. The gaping behavior was 
recorded when a bass opened its mouth approximately half 
way and closed it quickly sending a flow of water over its 
gills. This behavior was usually associated with a Bufo 
feeding experience. Engulfment time was recorded as the 
amount of time it took the bass to approach a tadpole 
(within two minutes) and engulf it, divided by the number 
of tadpole spits plus one (120 sec - time in mouth I# of 
spits + 1) . The one in the denominator was added in case 
the bass never spat the tadpole. Upon completion of a 
tadpole trial, the tadpole that was removed from the tank 
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was placed in a separate pan and their condition was 
recorded as either alive or dead. 
Statistical Analysis 
Each bass received ten tadpoles (one every 12-20 
minutes) per day, and their scores were averaged over the 
number of days in each feeding treatment to obtain a mean 
level of rejection score per tadpole in the sequence . 
Rejection scores.were analyzed by a mi�ed 2 x 2 x · 3 x 10 
ANOVA design with phases and the sequence of tadpoles as 
repeated measures (Myers, 1979) , to determine if bass learn 
to avoid Bufo larvae. Size of the tadpole may also play 
a role in rejection as a indicator of the degree of 
unpalatability (Heyer, et al. , 1975; Brodie, et al., 1978) 
and was thus considered along with species of tadpole as 
the two between subject variables (see Table 2). 
Analysis of the rejection scores for phase three used 
a mixed 2 x 2 x 5 ANOVA design with days as a repeated 
measure (Myers, 1979) to determine if memory had occurred 
30 days after the second feeding phase (see Table 3). 
A linear contrast test (Myers, 1979) was performed 
on the interaction of size and genus, comparing small Bufo 
rejection scores to all other tadpole rejection scores. 
For the interaction of feeding phase and species, three 
simple effects tests were computed: comparing feeding 
phas1es 2 and 3 for the Hyla/Buf o condition and comparing 
Hyla/Buf o offered bass with Bufo/Buf o offered bass at both 
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the second and third phase. 
Canonical correlation and discriminant function 
analyses (Nie, et al. , 1975) were performed using SPSS 
(Statistical Package for the Social Sciences) to determine 
which variables are associated with bass rejection behavior 
to toad larvae. The mathematical objective of discriminant 
analysis is to weight and linearly combine the discrimi­
nating variables in some fashion so that the gro':l-ps are 
forced to be as statistically distinct as possible. The 
aim of canonical correlation analysis is to account for the 
maximum relationship between two sets of variables (Nie, 
et al., 197 5) .  
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RESULTS 
Feeding Phases 1, 2 & 3 
Figure 2 illustrates the overall analysis of the 
experimental design and the relationship of tadpole 
rejection scores for Hyla and Buf o tadpoles of different 
sizes at each feeding phase. 
When largemouth bass were offered small (stages 27-30) 
and large (stages 37-40) Bufo and Hyla tadpoles, they 
significantly reject more small tadpoles (P < .025) and 
more Bufo larvae (P ( .025) (Table 2) . Analysis of the 
interaction (i.e. size with tadpole genus) was significant 
(P ( . 001) and the contrast comparing rejection of small 
Bufo tadpoles with all other tadpoles was significant 
(F = 28.0 with 1,16 df P <. .001) (Fig 3). However it 
should be noted that some of the rejection scores for the 
Hyla-bass have a Bufo component incorporated from feeding 
phase three. 
The level of tadpole rejection increased through the 
feeding phases (P < .001) (Fig 4). The interaction of 
genus with feeding phase was significant (P � .001) (Table 
2) (Fig 5) and revealed that bass reject more Bufo than 
Hyla at feeding phase two (Simple effects; F = 28.05 with 
1, 32 df; p < . 001) . 
When all fish were fed Bufo tadpoles in feeding phase 
three, bass that had received Hyla in feeding phase two, 
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rejected more Bufo than the bass that had received Bufo in 
feeding phase two (Simple effects test F = 3. 907; with 
1,32 df P <. .1) (Fig 5) . 
Although there was a significant interaction of 
feeding phase with the sequence of tadpoles presented, 
there was no interpretable pattern. 
Feeding Phase 3 
Following feeding phase two and a 30 day non-tadpole 
feeding period, all bass then received Bufo woodhousei 
tadpoles for a period of five days. Because of the overall 
design, some rejection scores for Hyla fed fish have a 
Bufo component, consequently, a separate analysis of feeding 
phase three rejection scores was conducted. Thus, the 
third feeding phase was analyzed independently of the 
previous two phases. This treatment was designed to deter­
mine if bass retain a learned response. Analysis of this 
period's rejection scores indicate that bass significantly 
reject more small than large tadpoles (P <., . 005) (Table 3). 
The interaction of tadpole species effect from phase two 
with size was also significant (P <. .005). Bass in feeding 
phase three that had experienced small Bufo tadpoles in 
feeding phase two, significantly rejected more small Bufo 
tadpoles than bass that had been fed large Bufo in phase 
two (Simple effects test F = 6.719 with 1,16 df P <. . 025) 
(Fig 2 & 6). However, bass that had received large Hyla 
tadpoles in phase two significantly rejected more large 
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Bufo tadpoles in feeding phase three than bass that had 
previously experienced large Bufo tadpoles (Simple effects 
test F = 23.116 with 1,16 df P ( .001) (Fig 2 & 6). Size 
was also significant over days in the third feeding phase 
( P ( • 05 ) (Table 3) • 
Utilizing the components of bass rejection behaviors 
(i.e. # of gapes, tadpole engulf time, # of spits and eat 
or not eat), the degree of association with the independent 
variables (i.e. tadpole size, genus, feeding phase and days) 
was determined (Table 4). These results show that bass 
consume more tadpoles in the early feeding phases, small 
size was associated with fewer number of gapes and that 
Hyla tadpoles were consumed more often than Bufo tadpoles. 
Also large tadpoles were spit more often than small tadpoles 
and Hyla tadpoles had a shorter engulf time by bass 
(Table 4) . 
Results from the discriminant function analysis 
showed that bass increase the amount of gaping and spitting 
behaviors when they encounter Bufo tadpoles. They also 
gape more of ten and expel more large than small tadpoles 
(Table 5). 
We recorded 684 spits for 213 different Bufo tadpoles 
that were not swallowed, and no spits for Hyla tadpoles. 
Of these 213 tadpoles, only 12 died after being rejected 
as a food item (approximately 6%) (Table 6) . 
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DISCUSSION 
Largemouth bass consume more Hyla crucif er tadpoles 
than Buf o tadpoles which supports the findings of Kruse 
and Stone (In Press) , and suggest that Bufo tadpoles are 
relatively unpalatable to largemouth bass predators. The 
unpalatability of a Bufo tadpole can also be substantiated 
by the spitting behavior (i.e. expelling a live tadpole 
after engulfing it) of bass after engulfing Bufo larvae. 
This rejection behavior has been reported by Kruse and 
Stone (In Press) and Kruse and Francis (1977) by bass to 
Buf o americanus and Rana catesbeiana tadpoles respectively. 
Although the level of tadpole rejection increased 
through the feeding phases, it is an artifact of the design. 
Since in feeding phase one bass were starved, phase two 
bass received palatable and unpalatable tadpoles and phase 
three all bass received unpalatable tadpoles, rejection 
scores were influenced by bass hunger and degrees of 
palatability. 
These results suggest that bass learn to avoid Bufo 
tadpoles by the fact that bass attained a high level of 
rejection score during the second feeding phase and main­
tained approximately the same level in the third feeding 
phase, 30 days later. This avoidance learning has also 
been demonstrated on the short-term by Kruse and Stone 
(In Press) and it agrees with the Waldman-Adler Model 
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(1979) that predators learn to avoid similar looking 
distasteful tadpoles after the experience of consuming a 
number of the larvae. 
Since it has been suggested that increased unpalata­
bility of a tadpole is associated with an increase in 
larval size (Heyer, et al., 1975; Brodie, et al., 1978) , 
we would expect bass to reject more large Buf o tadpoles 
as food items. Although Bufo tadpoles were rejected more 
than Hyla tadpoles, our results indicate that small Bufo 
tadpoles were rejected more frequently than all other 
tadpoles. These results were indeed surprising and any 
explanation is speculative. This occurrence could be 
attributable to the larger tadpole's size which may have 
illicited an increased feeding response in the bass even 
though the tadpole was still distasteful. The fact that 
large Buf o tadpoles are still distasteful to the bass can 
be supported by the results that the bass gape and spit 
more Bufo than Hyla and more large than small tadpoles. 
In avoidance learning, the development of an aversion 
to a specific food reflects a basic association process 
between the ingestion of a food and the consequence of the 
ingestion (Markay, 1974). Changes in food preferences in 
fish have been obtained through illness-induced (toxicosis) 
aversions in codfish (Markay, 1974; 1977) and aversions to 
novel foods (neophobia) in sunfish and stickleback have 
been reported by Miller (1963) and Beukena (1968) , 
respectively. Voris and Bacon (1966) have shown that 
-20-
bluegill (Lepomis macrochirus) prefer other foods to Bufo 
americanus tadpoles in a ratio of 6.9 : 1. It has also 
been shown that catfish discriminate flavors of beneficial 
foods from those associated with illness, and learn to 
avoid the latter (Little, 1977). My results suggest that 
bass also learn to associate flavors and can utilize color 
(Brown, 1937) of the black Bufo tadpole to avoid this 
noxious food item. When bass are offered Bufo woodhousei 
tadpoles 30 days after they have received Hyla tadpoles, 
they reject more Bufo woodhousei tadpoles than bass given 
Buf o woodhousei that had previously experienced Buf o 
americanus tadpoles. Since it has been suggested that bass 
learn on-the-short-term (Kruse and Stone, In Press), this 
retention of a palatable Hyla experience suggests a 
preference for a food that had previously been experienced 
(memory) . This type of preferred rewards association and 
memory has been demonstrated in monkeys (Tinklepaugh, 1928) 
and rats (Elliott, 1928). 
Fisher (1930) suggested that distasteful prey which 
are sampled in avoidance learning by predators (and 
probably killed) could not confer any individual advantage 
and that aposematic coloration would evolve through a 
kin-selection model. This system would operate for 
engulfing predators that were hungry or for stabbing 
predators (e.g. birds, predaceous diving beetles). However, 
some aposematic prey are resistant to predator handling 
(e. g. swallow-tail butterfly and anuran larvae) and can 
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induce a distasteful experience to a predator (Boyden, 
1976; Kruse and Francis, 1977; Jarvi, et al. , 1981; 
Wiklund and Jarvi, 1982; Kruse and Stone, In Press). In 
this fashion, individuals gain a survival advantage and 
natural selection could favor aposematic coloration if it 
increased individual survivorship. This individual 
selection model works well with engulfing predators that 
are satiated. We have observed up to 24 spitting occur-
rences before .the Bufo tadpole was ultimately rejected as 
a food item. The low mortality associated with spitting 
suggests that Buf o tadpoles can resist being handled by 
bass predators i f  not eaten (Table 6). Therefore the cost 
of being aposematic may be very small to a Buf o tadpole 
--
. 
when dealing with visual engulfing predators· that are 
satiated. Consequently, the mode of predation (engulfing 
versus stabbing) and predator hunger drive are important 
components in evolutionary explanations of aposematism. 
In summary, largemouth bass learn to avoid Bufo 
tadpoles and maintain this avoidance condition over a 30 
day period. Since Bufo tadpoles generally live after being 
handled by bass predators, the cost of being aP.osematic 
may be very small. Bass that have experienced palatable 
Hyla tadpoles over successive trials reject distasteful 
Bufo tadpoles 30 days later. This suggests that bass 
retain a preferred rewards condition for a palatable food 
item over an extended period of time. 
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Table 1: Rejection Score Criteria for Bass When 
Encountering Tadpoles 
Ultimate 
Fate Number Time (sec) 
of of to Initial Rejection 
Tadpole Spits Engulfment Score 
Eat 0 0-15 0 
Eat 0 > 15 l 
Eat 1-3 0-15 2 
Eat 1-3 > 15 3 
Eat 4-7 0-15 4 
Eat 4-7 > 15 5 
Eat )7 0-15 6 
Eat )7 )15 7 
Don't Eat )7 > 15 8 
Don't Eat )7 0-15 9 
Don't Eat 4-7 > 15 10 
Don't Eat 4-7 0-15 11 
Don't Eat 1-3 > 15 12 
Don't Eat 1-3 0-15 13 
Don't Eat 0 > 15 14 
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Table 2: 2 x 2 x 3 x 10 Repeated Measures ANOVA of 
Rejection Scores (See Table 1) 
(Size x Genus with Phase and Sequence of Tadpole 
as Repeated Measures; See materials and methods 
for experimental design). 
Source DF SS MS F Value Sig. 
Total 599 17234.30 28. 77 
Size 1 769.71 769.71 6.95 . 025 
Genus 1 697.07 697. 08 6.30 .025 
SIZ x GEN 1 1788.69 1788.69 16.16 .001 
x/SIZxGEN 16 1770.34 110.64 
Phase 2 6813.00 3406 .5 0 43.77 .001 
SIZxPHASE 2 313.80 156. 90 2.01 
GENxPHASE 2 2060.29 1030.15 13.23 .001 
SZxGENxPHA 2 0.66 .33 .oo 
sPHA/SZxGEN 32 2489.95 77.81 
Tadpole 9 13.25 1.47 1.66 
SZxTAD 9 5.42 0.60 0.68 
GENxTAD 9 12.15 1.35 1.52 
SZxGENxTAD 9 15.40 1.71 1.93 
sTAD/SZxGE 144 127.15 0. 88 
PHAxTAD 18 35.89 1.99 2.23 • 050 
SZxPHAxTAD 18 22.15 1.23 1.37 
GENxPHAxTAD 18 19.17 1.06 1 .19 
SZxGENxPHA 18 23.20 1.28 1.44 
xTADPOLE 
sPHASExTAD 288 25 7. 01 0.89 
/SZxGEN 
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Table 3� 2 x 2 x 5 Repeated Measures ANOVA of Feeding 
Phase 3's Rejection Score (Independent of Feeding 
Phases l & 2) 
Source 
Total 
Genus 
Size 
GENxSZ 
s/GENxSZ 
Days 
GENxDays 
SZxDays 
(Genus x Size with Days as a Repeated Measures; 
See materials and methods for experimental design) 
DF SS 
99 2253. 79 
l 28.09 
l 306.25 
l 3l3.29 
l6 366.l6 
4 99.l4 
4 30.46 
4 l63.90 
MS 
22.76 
28.09 
306.25 
3l3.29 
22.88 
24.78 
7.06 
40.97 
F Value Sig. 
1.22 
13.38 .005 
13.68 . 005 
l. 74 
0.53 
• 050 
GENxSZxDays 4 36.26 9.06 
2.88 
0.63 
s days x 
SZxGEN 
64 910.24 14.22 
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Table 4: Canonical Correlation of Bass Rejection Behaviors 
with Size, Genus, Phase and Days as the Indepen­
dent Variables and Gapes, Total Engulfment Time, 
Spits and Ultimate Fate of Tadpole (See Table 1) 
as the Dependent Variables. 
Eigen Can. 
No. Value Corr. Wilks Chi-Sq. DF p 
1 .4716 . 6867 .4603 276 .648 16 o.oo 
2 . 0994 .3153 .8712 47 .5653 9 0.00 
3 .9325 .1805 .9673 11.4366 4 0.02 
4 .oooo .0047 .9999 . 0077 1 0.93 
Coefficients for Canonical Variables of the First Set 
Canvar 1 Canvar 2 
Size . llll -.7348 
Genus . 5230 .7324 
Phase - .5935 .6596 
Days .1829 -.0766 
Coefficients for canonical Variables 
Canvar 1 Canvar 2 
Gapes -.2549 -. 995 7 
Engulf . 1383 -.4953 
Spits -.2092 . 0470 
Fate of -1 .0315 .6838 
Tadpole 
Canvar 3 
of 
.6932 
.6322 
. 5122 
-.0678 
the Second 
Canvar 3 
-.4042 
-
• 685 7 
.9459 
.1835 
Canvar 4 
- .2187 
-
• 05 70 
-.5926 
-1 .0923 
Set 
Can var 4 
- .1873 
4.5276 
1.0926 
-4.5335 
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Table 5: Discriminant Function Analysis of Bass Rejection 
Behaviors to Small and Large Buf o Tadpoles 
GROUP MEANS 
Size 
Small 
Large 
Total 
Gapes 
2.30 
7.72 
4.78 
GROUP STANDARD DEVIATIONS 
Size 
Small 
Large 
Total 
Gapes 
5.41 
17.52 
12.77 
Engulf 
530.45 
417 .54 
478.83 
Engulf 
519.87 
491.06 
509.31 
Spits 
1.89 
5.07 
3.34 
Spits 
4.17 
12.65 
9.21 
STANDARD CANONICAL DISCRIMINANT FUNCTION COEFFICIENTS 
Gapes = . 618 
Spits = .525 
Eat = .359 
Engulf = .003 
Eat 
14.76 
14.05 
14.43 
Eat 
4.67 
4.44 
4.57 
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Table 6: Spits and condition of Bu£o tadpoles rejected 
by bass that were engulfed but not swallowed 
# of Expelled # of Expelled 
Tadpoles that # of Tadpoles that 
Lived Spits Died 
83 1 4 
34 2 5 
24 3 1 
17 4 1 
16 5 0 
6 6 0 
6 7 0 
1 8 0 
2 9 0 
4 10 0 
2 11 0 
2 14 0 
1 15 0 
1 16 0 
1 21 1 
1 24 
Total 
201 642 12 
# of 
Spits 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
14 
15 
16 
21 
42 
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.T able 7: Mean Rejection Scores for Figures 3-6 
FEEDING PHASES 1, 2 & 3 
Genus x size (Figure 3) 
Smal·l 
Large 
Feeding Phase 
Genus x Phase 
Bufo 
Hy la 
(Figure 4) 
1 
2.77 
(Figure 5) 
1 
3.93 
1.61 
Species x Size (Figure 6) 
Small 
Large 
Bufo 
10.92 
5.20 
2 
7.15 
2 
10.45 
3.85 
FEEDING PHASE 3 
Bufo/Bufo 
13.88 
6.84 
Hy la 
5.31 
6.50 
3 
11.23 
3 
9.79 
12.25 
Hyla/Buf o 
11.40 
11.44 
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Figure 1: Experimental design of bass fed tadpoles in 
feeding phases 1, 2 & 3. The number in 
parentheses is the number of tadpoles offered 
in each feeding phase. 
FEEDING 
PHASE ONE 
TREATMENT 
ONE 15 bass) 
small 
. Bolo amerlcanus 
IN 5501 
TREATMENT 
TWO 15 bass) 
small 
Hyla cr1cller 
IN 5501 
TREATMENT TREATMENT 
THREE f 5 bass) FOUR 15 bass) 
· large 
Rulo amarlcanus 
IN 3001 
large 
Hyla crueller 
IN 3001 
FEEDING small small 
� 
PHASE TWO Bolo 1merlc1nus Hyl1 cr1cller laiie large ' 
f N 1501 f N 1501 Bolo amerlcanus Hy la crueller " 
! I I 
IN 250l IN 2501 
FE:OING small small I I 
PHASE THREE Rulo woodhousel Rulo woodhousel · large l1rae 
IN 2501 IN 2501 Bolo woodhousal Rulo woodbousel 
IN 250J IN 2501 
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Figure 2: Mean level of tadpole rejection scores for 
species and sizes at each feeding phase (see 
Figure 1 for sample sizes). 
Phases 
•Small 
•. Large 
a Small 
0 Large 
1 & 
Bufo 
Bufo 
Hy la 
Hy la 
2 
americanus 
americanus 
crucif er 
crucif er 
Phase 3 
• Small Bufo woodhousei 
. Large Bufo woodhousei 
• Small Buf o woodhousei 
.Large Bufo woodhousei 
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Figure 3: Mean level of tadpole rejection scores for 
small and large tadpoles averaged over all 
feeding phases. (Note: feeding phase 3 has 
a Buf o component incorporated in Hyla rejection 
scores.) 
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Figure 4: Mean level of tadpole rejection scores averaged 
over tadpole size, species and days in each 
feeding phase. 
Phase 1 
N = 1700 
Phase 2 
N = 800 
Phase 3 
N = 1000 
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Figure 5: Mean level of tadpole rejection scores averaged 
over tadpole size for the three feeding phases. 
Phases 1 & 2 
O Bufo americanus 
,A Hyla crucif.er 
Phase 3 
All received 
Buf o woodhousei 
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Figure 6: Mean level of tadpole rejection scores for small 
and large Buf o woodhousei tadpoles averaged over 
days in feeding Phase 3. 
C') Bufo/Bufo = Bass received B. americanus in 
feeding Phases 1 & 2; B. woodhousei 
in feeding Phase 3. 
� Hyla/Bufo = Bass received H. crucifer in feeding 
Phases 1 & 2; B. woodhousei in 
feeding Phase 3. 
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